The paper deals with modelling of hygro-thermal performance and thermo-chemical degradation of concrete exposed to high temperature. Several possible simplifications in modelling of heat and mass transport phenomena in heated concrete are considered and their effect on the results of numerical simulations is analyzed.
a b s t r a c t
The paper deals with modelling of hygro-thermal performance and thermo-chemical degradation of concrete exposed to high temperature. Several possible simplifications in modelling of heat and mass transport phenomena in heated concrete are considered and their effect on the results of numerical simulations is analyzed.
A mathematical model of concrete at high temperature, already extensively validated with respect to experiments, is used as the reference model. It is based on mechanics of multiphase porous media and considers all important couplings and material nonlinearities, as well as different properties of water above the critical point of water, i.e. 647.3 K (374.15°C).
In this part of the paper, first physical phenomena, as well as heat and mass flux and sources in a concrete element are studied, both during slow and fast heating process, to examine the relative importance of different flux components. Then, the mathematical model of concrete at high temperature, developed by Authors in the last 10 years, is briefly presented and for the first time all the constitutive relationships of the model are summarized and discussed in detail. Finally, the method of numerical solution of the model equations is thoroughly presented.
In the companion paper (part II) a brief literature review of the existing mathematical models of concrete at high temperature and a summary of their main features and physical assumptions will be presented. Then, extensive numerical studies will be performed with several simplified models, neglecting chosen physical phenomenon or flux components, to evaluate the difference between the results obtained with the simplified models and with the reference model. The study will concern hygric, thermal and degradation performance of 1-D and 2-D axisymmetric concrete elements during fast and slow heating. The analysis will allow us to indicate which simplifications in modeling of concrete at high temperature are practically and physically possible, without generating excessive errors with respect to the full reference model. Ó 2011 Elsevier Ltd. All rights reserved.
Introduction
In the last ten years performance of concrete structures at high or very high temperature, e.g. during an accident in nuclear power station or a fire, was an important issue of research in engineering. Several less or more sophisticated mathematical and numerical models, usually based on extensive laboratory tests, have been developed for this purpose, (Abdel-Rahman and Ahmed, 1996; Bazant and Najjar, 1972; Bazant and Thonguthai, 1978, 1979; Bazant and Kaplan, 1996; England and Khoylou, 1995; Ichikawa and England, 2004; Tenchev et al., 2001; Davie et al., 2006; Consolazio et al., 1998 . Chung et al., 2006 Dwaikat and Kodur, 2009; Ulm et al., 1999a,b; Gawin et al., 1999 Gawin et al., , 2002a Gawin et al., ,b, 2003 Gawin et al., , 2005a Gawin et al., ,b, 2006a Schrefler et al., 2002a,b; Witek et al., 2007) . A brief review of the models and summary of their main features is presented in Section 2 of the companion paper (Gawin et al., 2011) .
To predict reliably behaviour of a concrete structure in such conditions, i.e. evolutions of temperature, moisture content, gas pressure, and first of all degradation processes, rather complex mathematical models are required. They should consider the porous and multiphase nature of concrete, phase and chemical transformations, different behaviour of moisture below and above the critical temperature of water, mutual interactions and couplings between the thermal, hygral and degradation processes, as well as several material nonlinearities, especially those due to temperature changes, material cracking and thermo-chemical degradation. 
